 Aspheric lens is widely used in many fields of industry. Aspheric lens can be fabricated by lens molding method such as plastic injection molding and hotcompression molding depending on the type of material. At first, an aspheric lens should be designed, and then the lens moulds be formed. Here a car camera aspheric lens is proposed to assist the design of lens mould. The aspheric lens has two sides with one spheric and another aspheric surface. According to the aspheric parameters, a corresponding lens mould is processed and compensated by a singlepoint diamond turning tool. The processed results are compared to the designed aspheric coefficients. The processed aspheric shape can be limited to 100nm in peak-valley and 15nm in roughness.
INTRODUCTION
Aspheric lens can provide a high imaging quality and compact lens setup for opitcal instruments, so it's widely used by optical designer and optics manufacturer [1] . Aspheric lens can be made of plastic or glass which determines the forming process. Plastic lens may be produced by injection molding method in which the lens mould should be smooth enough in surface [2] . Likewise, the glass lens may be produced by hot-compression forming method in which the lens mould should be also high-level in peak-valley and roughness of shape [3] . However, the lens forming process depends on the mould fabrication technology [4] . There are two major fabrication methods for aspheric lens mould, namely, single-point diamond turing [5] and diamond-wheel grinding [6] . Single-point diamond turing method is mainly used for the ductile material such as copper or aluminium alloy, and so on. Grinding method focuses on the fragile material or high-hardness material such as silicon carbide or tungsten carbide, etc. Due to the high cost of ultra-precision grinding method, the turing process is mostly used for the mould fabrication as long as the material is allowed. Therefore, a combination method of turing and grinding has been proposed [7] , which means that on the aspheric mould base ground by grinding wheel, a layer of nickel-phosphorus (Ni-P) alloy is coated, and then Ni-P layer is fine turned aspherically by single-point diamond tool; at last, the precious metal film is coated on the Ni-P layer. The shape accuracy of this kind of mould depends on the turning process mainly. Hence the turning process should be paid more attention to. Theoretically, the aspheric shape of lens mould originates from the optical design data of aspheric camera lens [8] , but the design data haven't taken the thermo-mechanical changes into account during injection molding or hotcompressing. To compensate the shape changes caused by lens molding, a trialand-error method or finite element simulation method [9, 10] could be applied to reduce the shape error of lens mould for mould shape design as soon as possible. In this paper, we have proposed a car camera lens with wide field angle which is made up of two aspheric and four spheric lenses. One piece of lens has only one aspheric surface which is used for the reference of aspheric lens mould shape. A single-point diamond turning tool is adopted to machine the surface of lens mould and the shape is measured by aspheric profilometer. Compared to the design parameters, the shape errors of machined lens mould can be achieved. In section 2, a designed model of aspheric lens is provide and in section 3, a corresponding lens mould is machined and in section 4, a conclusion is achieved.
ASPHERIC LENS
According to the design requirements of wide field angle, the camera lens is shown in Fig.1 . It's made up of six lenses, among which there are two aspheric lenses. From left side, the third lens has one concave spheric surface on left side and one convex aspheric surface on right side. Through the design data, the aspheric parameters can be achieved and the corresponding lens mould is designed accordingly. The coefficients of convex aspheric surface can be expressed in Eq. (1). (
where Y is the horizontal distance from the aspheric axis and Z is the location of the aspheric axis direction. K is the cone constant and R is the coefficient denoting the index curvature radius of the aspheric surface. A, B, C, and D are the aspheric coefficients of the aspheric term. RMS wavefront errors of camera lens. The nominal RMS is 0.0225m in the field angle of 0, which requires that the lens mould is less than 0.0225m in RMS roughness. The 2D drawing of aspheric lens is shown in Fig.3 . The local shape error should be limited within /2, i.e., about 300nm, which needs the shape error of lens mould less than 300nm in peak-valley. 
ASPHERIC LENS MOULD
According to the size of aspheric lens drawing, a copper-based cylindrical workpiece is machined to be lens mould as a example. A single-point diamond turning tool with radius 0.5mm is installed in the ultra-precision machining lathe (Precitech Nanoform 350). The axis X, Z and B are also used to adjust the workpiece. It's shown in Fig.4 . Fig. 4(a) After processing, the aspheric shape of lens mould is shown in Fig. 5 . Fig. 5(a) is the finish aspheric lens mould with smooth surface, Fig.5(b) shows the aspheric lens mould under the observation of microscope with 20 objective and 10 ocular, Fig. 5(c) is the local micro-surface of aspheric shape, which shows the turning round marks and central protrusion that the turning tool hardly reaches. Additionally, some metal scraps sticks to the aspheric surface. All the marks and scraps will affect the forming quality of lens, so the turning process should reduce the flaws as soon as possible. To further evaluate the aspheric shape, a aspheric profilometer (Talysurf 1240, Taylor Hobson) is used to measure the surface. It's shown in Fig. 6 . Fig. 6(a) shows the Talysurf profilometer, (b) is the workpiece under the contact probe of profilometer, (c) is the profile of aspheric surface, which is the parabolic curve, (d) is the shape error. The measured results show the shape error is 103.3nm in peakvalley and 15.6nm in roughness. It demonstrates that the lens mould meets the requirements of lens moulding process in shape error and smoothness. 
SUMMARY
A car camera lens is designed based on aspheric lens with field angle of 150. The wavefront error is 0.0225m according to the analysis of optical performance in simulation software codeV. Select one aspheric lens and produce its machining drawing, so the requirement of corresponding lens mould needs to be less than 300nm in peak valley. Depending on the lens design data, the lens mould is turned by a single-point diamond tool using axis X, Z, and B. The shape error of final aspheric surface is 103.3nm in peak-valley and 15.6nm in roughness, which meets the forming requirements of aspheric lens. It demonstrates that the shape accurracy of lens mould should be much higher than the formed lens. But in reality, the machined mould have many kinds of flaws such as metal scraps, unavoidable central protrusion or turning marks, which should be reduced as soon as possible.
